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(54) Bubble-jet type ink-jet printhead and manufacturing method thereof 



(57) A bubble-jet type ink-jet printhead, and a man- 
ufacturing method thereof are provided. The printhead 
includes a substrate integrally having an ink supply 
manifold (102), an ink chamber (200), and an ink chan- 
nel (106), a nozzle plate (110) having a nozzle (160), a 
heater (1 20), and an electrode (1 40) for applying current 
to the heater. In particular, the ink chamber is formed in 
a substantially hemispherical shape on a surface of the 



substrate, a manifold is formed from its bottom side to- 
ward the ink chamber, and the ink channel linking the 
manifold and the ink chamber is formed at the bottom 
of the ink chamber. This simplifies the manufacturing 
process and facilitates high integration and high volume 
production. Furthermore, a doughnut-shaped bubble is 
formed to eject ink in the printhead, thereby preventing 
a back flow of ink as well as formation of satellite drop- 
lets which may degrade image resolution. 



FIG. 8 




1 



EP 1 174 268 A1 



2 



Description 

[0001] The present invention relates to an ink-jet 
printhead, and more particularly, to a bubble-jet type ink- 
jet printhead, a manufacturing method thereof, and a 
method of ejecting ink. 

[0002] Ink ejection mechanisms of an ink-jet printer 
are largely categorized into two types: an electro-ther- 
mal transducer type (bubble-jet type) in which a heat 
source is employed to form a bubble in ink causing ink 
droplets to be ejected, and an electromechanical trans- 
ducer type in which a piezoelectric crystal bends to 
change the volume of ink causing ink droplets to be ex- 
pelled. 

[0003] Referring to FIGS. 1 A and 1 B, a typical bubble- 
jet type ink ejection mechanism will now be described. 
When a current pulse is applied to a heater 1 2 consisting 
of resistive heating elements formed in an ink channel 
10 where a nozzle 11 is located, heat generated by the 
heater 12 boils ink 14 to form a bubble 15 within the ink 
channel 1 0, which causes an ink droplet 14' to be eject- 
ed. 

[0004] Meanwhile, an ink-jet printhead having this 
bubble-jet type ink ejector needs to meet the following 
conditions. First, a simplified manufacturing process, 
low manufacturing cost, and high volume production 
must be allowed. Second, to produce high quality colour 
images, creation of minute satellite droplets that trail 
ejected main droplets must be prevented. Third, when 
ink is ejected from one nozzle or ink refills an ink cham- 
ber after ink ejection, cross-talk with adjacent nozzles 
from which no ink is ejected must be prevented. To this 
end, a back flow of ink in the opposite direction of a noz- 
zle must be avoided during ink ejection. Another heater 
13 shown in FIGS. 1A and 1B is provided for this pur- 
pose. Fourth, for high speed printing, a cycle beginning 
with ink ejection and ending with ink refill must be as 
short as possible. That is, an operating frequency must 
be high. 

[0005] However, the above conditions tend to conflict 
with one another, and furthermore, the performance of 
an ink-jet printhead is closely associated with structures 
of an ink chamber, an ink channel, and a heater, the type 
of formation and expansion of bubbles, and the relative 
size of each component. 

[0006] In efforts to overcome problems related to the 
above requirements, ink-jet printheads having a variety 
of structures have been proposed in U. S. Patent Nos. 
4,339,762; 4 : 882,595; 5,760,804; 4,847,630; and 
5,850,241, European Patent No. 317,171, and [Fan- 
Gang Tseng, Chang-Jin Kim, and Chin-Ming Ho, "A 
Novel Micoinjector with Virtual Chamber Neck", IEEE 
MEMS '98, pp. 57-62]. However, ink-jet printheads pro- 
posed in the above patents or literature may satisfy 
some of the aforementioned requirements but do not 
completely provide an improved ink-jet printing ap- 
proach. 

[0007] To solve the above problems, it is a first objec- 



tive of the present invention to provide a bubble-jet type 

ink-jet printhead having a structure that satisfies the 

above-mentioned requirements. 

[0008] To solve the above problems, it is a first objec- 
5 tive of the present invention to provide a bubble-jet type 

ink-jet printhead having a structure that satisfies the 

above-mentioned requirements. 

[0009] It is a second objective of the present invention 

to provide a method of manufacturing the bubble-jet 
10 type ink-jet printhead having a structure that satisfies 

the above-mentioned requirements. 

[0010] It is a third objective of the present invention to 

provide a method of ejecting ink in a bubble-jet type ink 

printhead. 

is [0011] In order to achieve the first objective, the 
present invention provides an ink-jet printhead including 
a substrate having an ink supply manifold, an ink cham- 
ber, and an ink channel, a nozzle plate having a nozzle, 
and a heater consisting of resistive heating elements, 

20 and an electrode for applying current to the heater. The 
ink chamber in which ink to be ejected is filled is formed 
in a substantially hemispherical shape on a surface of 
the substrate, a manifold is formed from its bottom side 
toward the ink chamber, and the ink channel linking the 

25 manifold and the ink chamber is formed at the bottom 
of the ink chamber. The ink chamber, the manifold, and 
the ink channel are integrally formed on the substrate. 
Thus, the substrate has a structure in which the ink 
chamber, the ink channel, and the manifold are ar- 

30 ranged vertically from its surface. 

[0012] The nozzle plate is stacked on the substrate, 
and the nozzle plate has a nozzle at a location corre- 
sponding to a central portion of the ink chamber. The 
heater is formed in an annular shape on the nozzle plate 

35 and centred around the nozzle of the nozzle plate. Pref- 
erably, the diameter of the ink channel is equal to or less 
than that of the nozzle. 

[0013] Preferably a bubble guide and a droplet guide, 
both of which extend down the edges of the nozzle in 

40 the depth direction of the ink chamber are formed to 
guide the direction in which a bubble grows and the 
shape of the bubble, and the ejection direction of an ink 
droplet during ink ejection, respectively. The heater is 
formed in the shape of the character "O" or "C M so that 

45 the bubble has a substantially doughnut shape. 

[0014] In order to achieve the second objective, the 
present invention provides a method of manufacturing 
a bubble-jet type ink-jet printhead, in which a substrate 
is etched to integrally form an ink chamber, an ink chan- 

50 nel, and ink supply manifold thereon. More specifically, 
a nozzle plate is formed on a surface of the substrate, 
and an annular heater is formed on the nozzle plate. The 
ink supply manifold is formed from a bottom side of the 
substrate toward the surface. An electrode for applying 

55 current to the annular heater is formed. A nozzle plate 
is etched to form a nozzle having a diameter less than 
the annular heater on the inside of the annular heater. 
The substrate exposed by the nozzle is etched to form 
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theinkchamberwhich has a substantially hemispherical 
shape and a diameter greater than the annular heater. 
The bottom of the ink chamber is etched to form the ink 
channel linking the ink chamber and the manifold. 
[0015] Preferably, the ink chamber is formed by ani- 
sotropically etching the substrate exposed by the nozzle 
to a predetermined depth, or by first anisotropically etch- 
ing the substrate exposed by the nozzle and then iso- 
tropically etching it so that the ink chamber has a hem- 
ispherical shape. 

[0016] Preferably, the ink chamber is formed by ano- 
dising a portion of the substrate, in which the ink cham- 
ber is to be formed, to form a porous layer in a substan- 
tially hemispherical shape and then selectively etching 
and removing the porous layer. 

[0017] Preferably, the ink channel is formed by form- 
ing an etch mask, which exposes the substrate with a 
diameter less than the nozzle formed on the nozzle 
plate, forming the ink chamber and the ink channel using 
the etch mask, and removing the etch mask. 
[0018] Preferably, the ink chamber is formed by ani- 
sotropically etching the substrate exposed by the nozzle 
to a predetermined depth and forming a hole, depositing 
a predetermined material layer over the anisotropically 
etched substrate to a predetermined thickness, aniso- 
tropically etching the material layer to expose the bottom 
of the hole while forming a spacer of the material layer 
along a sidewall of the hole, and isotropically etching the 
substrate exposed to the bottom of the hole. 
[0019] According to the present invention, a bubble is 
formed in a substantially doughnut shape conforming to 
the shape of the heater, thereby satisfying the above re- 
quirements for ink ejection. Furthermore, this invention 
permits a simple manufacturing process and high vol- 
ume production of printheads in chips. 
[0020] The above objectives and advantages of the 
present invention will become more apparent by de- 
scribing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIGS. 1A and 1B are cross-sections showing the 
structure of a conventional bubble-jet ink jet print- 
head along with an ink ejection mechanism: 
FIG. 2 is a schematic plan view of a bubble-jet type 
ink-jet printhead according to the present invention; 
FIG. 3 is an enlarged plan view of the unit ink ejector 
of FIG. 2; 

FIG. 4 is a cross-section of the ink ejector taken 
along line 4 - 4 of FIG. 3: 

FIG. 5 is a plan view showing another example of 

the unit ink ejector of FIG. 2; 

FIG. 6 is a cross-section of another example of an 

ink ejector taken along line 4-4 of FIG. 3; 

FIGS. 7 and 8 are cross-sections showing an ink 

ejection mechanism of the ink ejector of FIG. 4; 

FIGS. 9 and 10 are cross-sections showing an ink 

ejection mechanism of the ink ejector of FIG. 6 

FIGS. 11-16 are cross-sections taken along line 1 1 



- 11 of FIG. 2, showing a method of a bubble-jet type 
ink-jet printhead according to the present invention 
having the ink ejector of FIG. 4; and 
FIGS. 1 7 and 1 8 are cross -sections taken along line 
5 11 - 11 of FIG. 2, showing a method of a bubble-jet 

type ink-jet printhead according to the present in- 
vention having the ink ejector of FIG. 6. 

[0021] The present invention will now be described 

10 more fully with reference to the accompanying draw- 
ings, in which preferred embodiments of the invention 
are shown. This invention may, however, be embodied 
in many different forms and should not be construed as 
being limited to the embodiments set forth herein. Rath- 

15 er, these embodiments are provided so that this disclo- 
sure will be thorough and complete, and will fully convey 
the concept of the invention to those skilled in the art. 
In the drawings, the shapes and thicknesses of ele- 
ments may be exaggerated for clarity, and the same ref- 

20 erence numerals appearing in different drawings repre- 
sent the same element. Further, it will be understood 
that when a layer is referred to as being "on" another 
layer or substrate, it can be directly on the other layer 
or substrate, or intervening layers may also be present. 

25 [0022] Referring to FIG. 2, in a printhead according to 
the present invention, ink ejectors 3 are arranged in two 
rows in a staggered fashion along both sides of an ink 
supply manifold 102 shown with a dotted line. Bonding 
pads 20, to which wires are bonded, electrically connect 

30 to each ink injector 3. Furthermore, the manifold 1 02 is 
connected to an ink container (now shown) for holding 
ink. Although the ink ejectors 3 are arranged in two rows 
as shown in FIG. 2, they may be arranged in one row. 
In order to achieve high resolution, they may be ar- 

35 ranged in three rows. Furthermore, although the print- 
head using a single colour of ink is shown in FIG. 2, three 
or four groups of ink ejectors may be disposed, one 
group for each colour, for colour printing. 
[0023] FIG. 3 is an enlarged plan view of the ink ejec- 

40 tor 3 featured in the present invention, and FIG. 4 is a 
cross-section showing a vertical structure of the ink 
ejector 3 taken along line 4 - 4 of FIG. 3. The structure 
of a printhead according to the present invention will 
now be described in detail with reference to FIGS. 3 and 

45 4. 

[0024] An ink chamber 104 in which ink is filled is 
formed on the surface of a substrate 100 in a substan- 
tially hemispherical shape, the manifold 1 04 for supply- 
ing ink to each ink chamber 1 04 is formed on a bottom 

50 side of the substrate 1 00, and an ink channel 1 06 linking 
the ink chamber 104 and the manifold 102 is formed at 
a central bottom surface of the ink chamber 104. Here, 
the substrate 1 00 is preferably formed from silicon wide- 
ly used in manufacturing integrated circuits. Although 

55 the diameter of the ink channel 1 06 is shown to be less 
than that of a nozzle 160 in FIGS. 3 and 4, it does not 
need to be so. However, since the diameter of the ink 
channel 106 affects a back flow of ink being pushed 
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back into the ink channel 106 during ink ejection and the 
speed at which ink refills after ink ejection, it needs to 
be finely controlled when forming the ink channel 106. 
The formation of the ink channel 106 will be described 
below. 

[0025] A nozzle plate 110 having the nozzle 160 is 
formed on the substrate 100 thereby forming an upper 
wall of the ink chamber 104. If the substrate 100 is 
formed of silicon, the nozzle plate 110 may be formed 
from a silicon oxide layer formed by oxidation of the sil- 
icon substrate 100 or from an insulating layer such as a 
silicon nitride layer deposited on the substrate 100. 
[0026] A heater 120 for bubble formation, which sub- 
stantially has the shape of the character "O" in which 
"C"-shaped parts are symmetrically coupled, is formed 
on the nozzle plate 110 in an annular shape centred 
around the nozzle 160. The heater 120 consists of re- 
sistive heating elements such as polycrystalline silicon 
doped with impurities or tantalum-aluminium. Elec- 
trodes 1 40 are connected to the heater 1 20 for applying 
pulse current. The electrodes 140 are typically formed 
from the same material as the bonding pad (20 of FIG. 
2) and necessary wiring lines (not shown) such as alu- 
minium or aluminium alloy. 

[0027] FIG. 5 is a plan view showing a modified ex- 
ample of a heater. A heater 120' is formed substantially 
in the shape of the character "C", and one of the elec- 
trodes 140 is connected to each end of the C-shaped 
heater. That is, the two symmetrical C-shaped parts of 
the heater 120 shown in FIG. 3 are coupled in parallel 
between the electrodes 1 40, whereas those of the heat- 
er 120' shown in FIG. 5 are coupled in series therebe- 
tween. 

[0028] FIG. 6 is a cross-section showing a modified 
example of an ink chamber. A droplet guide 1 80 and a 
bubble guide 108 are formed in an ink chamber 104*. 
The droplet guide 180 extends down the edge of a noz- 
zle 160' toward the ink chamber 104', and the bubble 
guide 203 is formed under the nozzle plate 110, which 
forms the upper wall of the ink chamber 1 04*, with sub- 
strate material remaining along the inner surface of the 
droplet guide 1 80. The functions of the droplet guide 1 80 
and the bubble guide 108 will be described below. 
[0029] The function and effect of an ink-jet printhead 
according to the present invention configured as de- 
scribed above will now be described together with the 
ink ejection mechanism. FIGS. 7 and 8 are cross-sec- 
tions showing the ink ejection mechanism of the ink 
ejector of FIG. 4. 

[0030] As shown in FIG. 7, if a current pulse is applied 
to the annular heater 1 20 when the ink chamber 1 04 is 
filled with ink 200 supplied through the manifold 1 02 and 
the ink channel 106 by capillary action, then heat gen- 
erated by the heater 120 is transmitted through the un- 
derlying nozzle plate 110, which boils the ink 200 under 
the heater 120 to form a bubble 210. The bubble 210 
has a doughnut shape conforming to the annular heater 
120 as shown at the right side of FIG. 7. 



[0031] If the doughnut-shaped bubble 210 expands, 
as shown in FIG. 8, the bubble 210 coalesces below the 
nozzle 1 60 to form a substantially disk-shaped bubble 
21 0', the centre portion of which is concave. At the same 

5 time, the expanding bubble 210' causes the ink 200 in 
the ink chamber 104 to be ejected. 
[0032] If the applied current is cut off, the heater 120 
cools causing a bubble to shrink or collapse, and then 
ink 200 refills the ink chamber 1 04. 

10 [0033] According to an ink ejection mechanism of the 
printhead according to the current embodiment, the 
doughnut-shaped bubble 21 0 coalesces at the centre to 
cut off the tail of the ejected ink 200', thus preventing 
the formation of satellite droplets. 

15 [0034] Furthermore, the expansion of the bubbles 21 0 
and 210' is limited to within the ink chamber 104, which 
suppresses a back flow of the ink 200, so that cross-talk 
between adjacent ink ejectors does not occur. Further- 
more, if the diameter of the ink channel 1 06 is less than 

20 that of the nozzle 160 as shown in FIG. 4, this is very 
effective in preventing a back flow of the ink 200. 
[0035] Meanwhile, the area of the annular heater 1 20 
is wide so as to be rapidly heated and cooled, which 
quickens a cycle beginning with the formation of the 

25 bubbles 21 0 or 21 0' and ending with the collapse, there- 
by allowing for a quick response rate and high driving 
frequency. Furthermore, since the ink chamber 1 04 has 
a hemispherical shape, a path along which the bubbles 
21 0 and 21 0' expand is more stable compared to a con- 

30 ventional ink chamber having the shape of a rectangular 
solid or a pyramid, and bubbles form and expand quickly 
thus ejecting ink within a relatively short time. 
[0036] FIGS. 9 and 1 0 are cross-sections showing an 
ink ejection mechanism for the ink ejector of FIG. 6. Only 

35 the difference from the ink ejection mechanism shown 
in FIGS. 7 and 8 will now be described. 
[0037] First, since bubbles 210" expand downward 
due to the bubble guide 1 08 near the nozzle 1 60', there 
is little possibility that the bubbles 210" will coalesce be- 

40 low the nozzle 1 60\ However, the possibility that the ex- 
panding bubbles 210" will merge under the nozzle 1 60' 
may be controlled by controlling the length by which the 
droplet guide 180 and the bubble guide 108 extend 
downward. The ejection direction of the ejected droplet 

45 200* is guided by the droplet guide 1 80 extending down 
the edges of the nozzle 160* so that the direction is ex- 
actly perpendicular to the substrate 100. 
[0038] A method of manufacturing an ink-jet printhead 
according to the present invention will now be de- 

50 scribed. FIGS. 11-16 are cross -sections taken along 
line 11 - 11 of FIG. 2, which show a method of manufac- 
turing the printhead having the ink ejector of FIG. 4 ac- 
cording to the present invention. 

[0039] First, the substrate 1 00 is prepared. A silicon 
55 substrate having a crystal orientation of [100] and hav- 
ing a thickness of about 500 urn is used as the substrate 
100 in this embodiment. This is because the use of a 
silicon wafer widely used in the manufacture of semi- 
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conductor devices allows for high volume production. 
Next, if the silicon wafer is wet or dry oxidized in an ox- 
idation furnace, front and rear (bottom) surfaces of the 
silicon substrate 100 are oxidized, thereby allowing sil- 
icon oxide layers 1 1 0 and 1 1 2 to grow. The silicon oxide 
layer 110 formed on the front surface of the substrate 
1 00 will later be a nozzle plate where a nozzle is formed. 
[0040] A very small portion of the silicon wafer is 
shown in FIG. 11, and a printhead according to this in- 
vention is fabricated by tens to hundreds of chips on a 
single wafer. Furthermore, as shown in FIG. 11, the sil- 
icon oxide layers 110 and 112 are developed on both 
front and rear surfaces of the substrate 1 00. This is be- 
cause a batch type oxidation furnace exposed to an ox- 
idation atmosphere is used on the rear surface of the 
silicon wafer as well. However, if a single wafer type ox- 
idation apparatus exposing only a front surface of a wa- 
fer is used, the silicon oxide layer 112 is not formed on 
the rear surface of the substrate 1 00. For convenience's 
sake, it will now be shown that a different material layer 
such a polycrystalline silicon layer, a silicon nitride layer 
and atetraethyleorthosilicate (TEOS) oxide layer as will 
be described below is formed only on the front surface 
of the substrate 100. 

[0041 ] Next, the annular heater 1 20 is formed on the 
silicon oxide layer 1 1 0 formed on the front surface of the 
substrate 100 by depositing polycrystalline silicon 
doped with impurities or tantalum-aluminium over the 
silicon oxide layer 110 and patterning this in the form of 
annulus. Specifically, the polycrystalline silicon layer 
doped with impurities may be formed by low pressure 
chemical vapour deposition (CVD) using a source gas 
containing phosphorous (P) as impurities, in which the 
polycrystalline silicon is deposited to a thickness of 
about 0.7 - 1 u.m. If the heater 120 is formed from tan- 
talum-aluminium, a tantalum-aluminium layer may be 
formed to a thickness of 0. 1 - 0.3 uxn by sputtering which 
uses tantalum-aluminium or tantalum and aluminium as 
a target. The thickness to which the polycrystalline sili- 
con layer or the tantalum-aluminium layer may be de- 
posited can be in different ranges so that the heater 1 20 
may have appropriate resistance considering its width 
and length. The polycrystalline silicon layer or the tan- 
talum-aluminium layer deposited over the silicon oxide 
layer 110 are patterned by photolithography using a 
photo mask and photoresist and an etching process us- 
ing a photoresist pattern as an etch mask. 
[0042] FIG. 1 2 shows a state in which a silicon nitride 
layer 130 has been deposited over the resulting struc- 
ture of FIG. 11 and then the manifold 102 has been 
formed by etching the substrate 100 from its rear sur- 
face. The silicon nitride layer 130 may be deposited to 
a thickness of about 0.5 \im as a protective layer of the 
annular heater 120 also using low pressure CVD. The 
manifold 1 02 is formed by obliquely etching the rear sur- 
face of the wafer. More specifically, an etch mask that 
limits a region to be etched is formed on the rear surface 
of the wafer, and wet etching is performed for a prede- 



8 

termined period of time using tetramethyl ammonium 
hydroxide (TMAH) as an etchant. Accordingly, etching 
in a crystal orientation of [111] is slower than etching in 
other orientations to form the manifold 1 02 with a side 

5 surface inclined at 54.7 degrees. 

[0043] Although it has been described that the mani- 
fold 102 is formed by obliquely etching the rear surface 
of the substrate 100, the manifold 102 may be formed 
by anisotropic etching. 

w [0044] FIG. 13 shows a state in which the electrodes 
140 and the nozzle 160 have been formed. Specifically, 
a portion of the silicon nitride layer 1 30 in which the top 
of the heater 120 is connected to the electrodes 140, 
and a portion for forming the nozzle 1 60 having a diam- 

15 eter less than that of the annular heater 1 20 on the inside 
of the annular heater 1 20 are etched to expose the heat- 
er 1 20 and the silicon oxide layer 110, respectively. Sub- 
sequently, the exposed silicon oxide layer 110 is etched 
to expose a portion of the substrate 100 in which the 

20 nozzle 160 is to be formed. In this case, the silicon nitride 
layer 130 and the silicon oxide layer 110 are etched so 
that the diameter of the nozzle 160 is on the order of 16 
- 20 u.m. 

[0045] Next, the electrodes 1 40 are formed by depos- 
es jting metal having good conductivity and patterning ca- 
pability, such as aluminium oraluminium alloy, to a thick- 
ness of about 1 fim and patterning it. In this case, the 
metal layer of the electrodes 1 40 is simultaneously pat- • 
terned so as to form wiring lines (not shown) and the 
30 bonding pad (20 of FIG. 2) in other portions of the sub- 
strate 100. 

[0046] Then, as shown in FIG. 14, a TEOS oxide layer 
150 is deposited over the substrate 100 and patterned 
to expose the substrate 1 00 on which the nozzle 1 60 is 

35 to be formed. The TEOS oxide layer 150 is formed by 
CVD, in which the TEOS oxide layer 150 may be depos- 
ited to a thickness of about 1 u,m at low temperature 
where the electrode 140 and the bonding pad made 
from aluminium or aluminium alloy are not transformed, 

40 for example, at no greater than 400°C. It has been de- 
scribed above that the nozzle 160 is formed by pattern- 
ing the silicon nitride layer 1 30 and the silicon oxide layer 
110 before forming the TEOS oxide layer 150. Alterna- 
tively, the nozzle 160 may be formed by not patterning 

45 the silicon nitride layer 130 and the silicon oxide layer 
1 1 0 until the TEOS oxide layer 1 50 is formed, and then 
sequentially etching the TEOS oxide layer 150, the sili- 
con nitride layer 130, and the silicon oxide layer 110. 
[0047] Next, the substrate 1 00 exposed by the nozzle 

50 1 60 is etched to form the ink chamber 1 04 having a sub- 
stantially hemispherical shape. More specifically, as 
shown in FIG. 14, photoresist is applied over the sub- 
strate 100 on which the nozzle 160 is formed, and pat- 
terned to form a photoresist pattern PR exposing the 

55 substrate 1 00 with a diameter less than the nozzle 1 60. 
The photoresist pattern PR is provided to finely adjust 
the thickness of the ink channel 1 06 to be later formed. 
That is, the diameter of the ink channel 1 06 is controlled 
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by the thickness of the photoresist pattern PR remaining 
along sidewalls of the nozzle 160. The photoresist pat- 
tern PR does not need to be formed if the diameter of 
the ink channel 106 is substantially equal to that of the 
nozzle 160. 5 
[0048] FIG. 15 shows a state in which the substrate 
1 00 exposed by the nozzle 1 60 is etched to a predeter- 
mined depth to form the ink chamber 104 and the ink 
channel 1 06. First, the ink chamber 1 04 may be formed 
by isotropically etching the substrate 1 00 using the pho- 10 
toresist pattern PR as an etch mask. More specifically, 
a dry etch is performed on the substrate 100 for a pre- 
determined period of time using XeF 2 as an etch gas. 
Then, as shown in FIG. 1 5, the substantially hemispher- 
ical ink chamber 200 is formed with depth and radius of is 
about 20 urn. 

[0049] The ink chamber 1 04 may be formed by aniso- 
tropically etching the substrate 100 using the photore- 
sist pattern PR as an etch mask and then isotropically 
etching it. That is, the silicon substrate 1 00 may be an- 20 
isotropically etched by means of inductively coupled 
plasma etching or reactive ion etching using the pho- 
toresist pattern PR as an etch mask to form a hole (not 
shown) having a predetermined depth. Then, the silicon 
substrate 100 is isotropically etched in the manner as 
described above. 

[0050] Furthermore, the ink chamber 104 may be 
formed by changing a part of the substrate 1 00 in which 
the ink chamber 1 04 is to be formed into a porous silicon 
layer and selectively etching and removing the porous 
silicon layer. Specifically, a mask that exposes only a 
central portion of the part for forming the ink chamber 
1 04 is formed of a silicon nitride layer on a front surface 
of the silicon substrate 100 on which nothing is formed 
(step prior to that shown in FIG. 11), and an electrode 
material such as a gold layer is formed on a rear surface 
of the substrate 1 00. The substrate 1 00 is subjected to 
anodising in a HF solution to form a porous silicon layer 
substantially in a hemispherical shape, the centre of 
which is the portion exposed by the mask. The steps 1 1 
- 14 are performed on the silicon substrate 100 proc- 
essed in this way and then only the porous silicon layer 
is selectively etched and removed to form the hemi- 
spherical ink chamber 1 04 as shown in FIG. 15. A strong 
alkaline solution such as potassium hydroxide (KOH) is 
used as an etchant for selectively etching and removing 
only the porous silicon layer. The anodising process 
may be performed prior to the step shown in FIG. 11 as 
described above, or after the step shown in FIG. 13 if 
the nozzle 1 60 is used as a mask during the anodising 
process. 

[0051 ] Subsequently, the substrate 1 00 is anisotropi- 
cally etched using the photoresist pattern PR as an etch 
mask to form the ink channel 106 linking the ink chamber 
1 04 and the manifold 1 02 at the bottom of the ink cham- 
ber 104. The anisotropic etching may be performed by 
inductively coupled plasma etching or reactive ion etch- 
ing as described above. 



[0052] FIG. 1 6 shows a state in which the photoresist 
pattern PR is removed by ashing and strip in the state 
shown in FIG. 15 to complete the printhead according 
to this embodiment. As shown in FIG. 1 6, the photoresist 
pattern PR is removed to obtain the printhead having 
the hemispherical ink chamber 104 on a surface of the 
substrate 100, the manifold 102 on its bottom side, the 
ink channel 106 linking the ink chamber 104 and the 
manifold 1 02, and a nozzle plate on which a nozzle 1 60 
having a diameter greater than that of the ink channel 
106 is formed. 

[0053] FIGS. 17 and 18 are cross-sections taken 
along line 11 - 11 of FIG. 2, which show a method of 
manufacturing a printhead having the ink ejector of FIG. 
6. The manufacturing method according to this embod- 
iment is the same as that for the printhead having the 
ink ejector of FIG. 4 up to the step of forming the TEOS 
oxide layer 150 as shown in FIG. 14, and it further in- 
cludes the steps shown in FIGS. 17 and 18. 
[0054] That is, after the TEOS oxide layer 150 has 
been formed as shown in FIG. 14, the substrate 100 is 
an isotropically etched to a predetermined depth using 
the TEOS oxide layer 150 and the silicon nitride layer 
1 30, on which the nozzle 1 60 is formed, as an etch mask 
to form a hole 170 as shown in FIG. 17. Subsequently, 
a predetermined material layer such as a TEOS oxide 
layer is deposited over the substrate 100 to a thickness 
of about 1 urn, and then the TEOS oxide layer is aniso- 
tropically etched so that the hole 1 70 of the silicon sub- 
strate 100 may be exposed. As a result of anisotropic 
etching, a spacer 180 is formed along a sidewall of the 
hole 170. 

[0055] If the exposed silicon substrate 1 00 is isotrop- 
ically etched in a state shown in FIG. 17 in the manner 
described above, a printhead having the bubble guide 
108 and the droplet guide 180 around the nozzle 160, 
both of wh ich extend toward the ink chamber 1 60, is pro- 
vided as shown in FIG. 18. 

[0056] Although this invention has been described 
with reference to preferred embodiments thereof, it will 
be understood by those skilled in the art that various 
changes in form and details may be made therein. For 
example, materials forming elements of a printhead ac- 
cording to this invention may not be limited to those de- 
scribed herein. That is, the substrate 1 00 may be formed 
of a material having good processibility, other than sili- 
con, and the same is true of the heater 120, the elec- 
trode 140, a silicon oxide layer, or a nitride layer. Fur- 
thermore, the stacking and formation method for each 
material layer are only examples, and a variety of dep- 
osition and etching techniques may be adopted. 
[0057] Also, the sequence of processes in a method 
of manufacturing a printhead according to this invention 
may differ. For example, etching the rear surface of the 
substrate 1 00 for forming the manifold 1 02 may be per- 
formed before the step shown in FIG. 1 2 or after the step 
shown in FIG. 13, that is, the step of forming the nozzle 
160. Furthermore, specific numeric values illustrated in 
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each step may vary within a range in which the manu- 
factured printhead can operate normally. 
[0058] As described above, in this invention, the bub- 
ble is doughnut-shaped and the ink chamber is hemi- 
spherical, thereby preventing a back flow of ink and thus 
cross-talk between adjacent ink ejectors. 
[0059] The shape of the ink chamber, the ink channel, 
and the heater in the printhead according to this inven- 
tion provides a high response rate and high driving fre- 
quency. Furthermore, doughnut-shaped bubbles coa- 
lesce at the centre, which prevents the formation of sat- 
ellite droplets. 

[0060] This invention makes it easier to control a back 
flow of ink and driving frequency by controlling the di- 
ameter of the ink channel. Furthermore, the ink cham- 
ber, the ink channel, and the manifold are arranged ver- 
tically to reduce the area occupied by the manifold on a 
plane, thereby increasing the integration density of a 
printhead. 

[0061] This invention allows the droplets to be ejected 
exactly in a direction perpendicular to the substrate by 
forming the bubble guide and the droplet guide on the 
edges of the nozzle. 

[0062] Furthermore, according to a conventional 
printhead manufacturing method, a nozzle plate, an ink 
chamber, and an ink channel are manufactured sepa- 
rately and bonded to each other. However, a method of 
manufacturing a printhead according to this invention in- 
volves forming the nozzle plate and the annular heater 
integrally with the substrate on which the manifold, the 
ink chamber and the ink channel are formed, thereby 
simplifying the fabricating process compared with the 
conventional manufacturing method. Furthermore, this 
prevents occurrences of mis-alignment. 
[0063] In addition, the manufacturing method accord- 
ing to this invention is compatible with a typical manu- 
facturing process for a semiconductor device, thereby 
facilitating high volume production. 



Claims 

1 . A bubble-jet type ink-jet printhead comprising: 

a substrate integrally having an ink chamber, 
wherein the ink chamber has a substantially 
hemispherical shape, on its surface, in which 
ink to be ejected is filled, a manifold for supply- 
ing ink on a bottom side of the substrate, and 
an ink channel linking the ink chamber and the 
manifold at the bottom of the ink chamber; 
a nozzle plate on the substrate, the nozzle plate 
having a nozzle at a location corresponding to 
a central portion of the ink chamber; 
a heaterformed in an annular shape on the noz- 
zle plate and centred around the nozzle of the 
nozzle plate; and 

an electrode, electrically connected to the heat- 



er, for applying current to the heater. 

2. The bubble-jet type ink-jet printhead as claimed in 
claim 1 , wherein the diameter of the ink channel is 

5 equal to or less than that of the nozzle. 

3. The bubble-jet type ink-jet printhead as claimed in 
claim 1 or 2, wherein the heater is formed substan- 
tially in the shape of the character "O", and the elec- 

10 trode is connected to each of two locations that are 
symmetrical to each other and located in the "O- 
shaped heater. 

4. The bubble-jet type ink-jet printhead as claimed in 
15 claim 1 or 2, wherein the heater is formed substan- 
tially in the shape of the character "C", and the elec- 
trode is connected to each end of the "C"-shaped 
heater. 

20 5. The bubble-jet type ink-jet printhead as claimed in 
any preceding claim, wherein the heater is formed 
from polycrystalline silicon doped with impurities. 

6. The bubble-jet type ink-jet printhead as claimed in 
25 any of claims 1 to 4, wherein the heater is formed 

from tantalum-aluminium. 

7. The bubble-jet type ink-jet printhead as claimed in 
any preceding claim, wherein the substrate is 

30 formed from silicon. 

8. A method of manufacturing a bubble-jet type ink-jet 
printhead, the method comprising the steps of: 



35 forming a nozzle plate on a surface of a sub- 

strate; 

forming a heater having an annular shape on 
the nozzle plate; 

forming a manifold for supplying ink from the 
40 bottom side of the substrate toward the surface 

of the substrate; 

forming an electrode electrically connected to 
the annular heater on the nozzle plate; 
etching the nozzle plate and forming a nozzle 

45 having a diameter less than that of the annular 

heater on the inside of the annular heater; 
etching the substrate exposed by the nozzle 
and forming an ink chamber having a diameter 
greater than that of the annular heater, wherein 

50 the ink chamber has a substantially hemispher- 

ical shape; and 

forming an ink channel linking the ink chamber 
and the manifold at the bottom of the ink cham- 
ber. 

55 

9. The method as claimed in claim 8, after the step of 
forming the nozzle, further comprising the step of 
forming an etch mask exposing the substrate with 
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a diameter less than that of the nozzle, 

wherein, in the steps of forming the ink cham- 
ber and the ink channel, the substrate is etched us- 
ing the etch mask in order to form the ink chamber 
and the ink channel, and after the step of forming 
the ink chamber, the etch mask is removed. 

10. The method as claimed in claim 8 or 9, wherein, in 
the step of forming the ink chamber, the substrate 
exposed by the nozzle is isotropically etched to form 
the ink chamber. 

11. The method as claimed in claim 8 or 9, wherein the 
step of forming the ink chamber comprises the 
steps of: 

anisotropically etching the substrate exposed 
by the nozzle to a predetermined depth; and 
isotropically etching the substrate after aniso- 
tropically etching the substrate. 

12. The method as claimed in claim 8 or 9, wherein the 
step of forming the ink chamber comprises the 
steps of: 

anodising a portion of the substrate in which the 
ink chamber is to be formed and forming a po- 
rous layer substantially in a hemispherical 
shape; and 

selectively etching and removing the porous 
layer. 

13. The method as claimed in any of claims 8 to 12, 
wherein, in the step of forming the ink channel, the 
substrate in which the ink chamber is formed is an- 
isotropically etched using the nozzle plate having 
the nozzle as an etch mask to form the ink channel. 

14. The method as claimed in claim 8, wherein the step 
of forming the ink chamber comprises the steps of: 

anisotropically etching the substrate exposed 
by the nozzle to a predetermined depth and 
forming a hole; 

depositing a predetermined material layer over 
the anisotropically etched substrate to a prede- 
termined thickness; 

anisotropically etching the material layer to ex- 
pose the bottom of the hole while forming a 
spacer of the material layer along a sidewall of 
the hole: and 

isotropically etching the substrate exposed to 
the bottom of the hole. 

15. The method as claimed in any of claims 8 to 14, 
wherein the heater is formed substantially in the 
shape of the character "O", and the electrode is con- 
nected to each of two locations that are symmetrical 



to each other and located in the "O-shaped heater. 

16. The method as claimed in any of claims 8 to 14, 
wherein the heater is formed substantially in the 
shape of the character "C" , and the electrode is con- 
nected to each end of the "C'-shaped heater. 

17. The method as claimed in any of claims 8 to 16, 
wherein the heater is formed from polycrystalline 
silicon doped with impurities or tantalum-alumini- 
um. 

18. The method as claimed in any of claims 8 to 16, 
wherein the substrate is formed from silicon. 

19. The method as claimed in claim 18, wherein, in the 
step of forming the nozzle plate, the nozzle plate Is 
formed from a silicon oxide layer formed by oxidat- 
ing the surface of the silicon substrate. 
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